We consider the following evolution system of Klein-Gordon-Schrödinger type
Introduction and motivation
The aim of the present work is to study a model describing the Upper Hybrid Heating (UHH) scheme for plasmas in fusion devices. UHH is the dominant branch of the general Electron Cyclotron Resonance Heating (ECRH) scheme, which, for tokamaks and stellarators, constitutes a basic method of plasma build-up and heating (the W7-X experiment, currently under construction, will be equipped with an ECRH power of 10 MW). Moreover, ECRH is an attractive method to study transport mechanisms, since it allows for a very localised power deposition, thus influencing temperature and current profiles ([22] ). Vol. 56 (2005) Parametric energy decay 219
The UHH scheme consists in injecting electromagnetic waves in the range 100-200 GHz, from the high field side towards the core of the device. Within this frequency range, the incident wave takes on the character of a longitudinal oscillation for the resonant electrons, which become highly energetic.
With respect to the physical mechanism involved in the energy damping of the waves, UHH comprises two stages: (i) Collisionless damping. The energy of the waves is transferred to the resonant electrons, through collisionless mechanisms, e.g. Landau damping. Subsequently, the electrons gain excessive kinetic energy, thus heated. (ii) Collisional damping. The excessive electron energy is distributed over electrons and non-resonant ions, through Coulomb collisions, producing bulk heating of the plasma (equipartition).
Collisional damping is very crucial for the success of UHH. If collisions are infrequent, non-thermal distributions will occur, which may result in a reduction in the power delivered to the plasma ([23]). Therefore, it is important to determine the operational conditions for the device, under which UHH becomes effective, namely the collisions manage to distribute the excessive electron energy over the species at an exponential rate. To the best of our knowledge, this task is not as yet undertaken.
Concerning the physical context, we investigate the nonlinear interaction between high frequency electron waves and low frequency ion plasma waves in a homogeneous magnetic field. This phenomenon arises, once a high frequency electric field with low frequency amplitude propagates through the plasma.
The [20] , for the well-posedness and properties of solutions), is highly successful in a multitude of applications, such as laser fusion, electron beam fusion, solar radio bursts etc. ([19] ). However, regarding the study of UHH, the Zakharov system may not be implemented for the following reasons: (i) It does not consider the effect of collisions. Therefore, it can only describe the collisionless part of the damping. (ii) It is indifferent to the presence of a dc magnetic field, due to the nature of the ponderomotive force. Therefore, perpendicular waves, peculiar to UHH heating, cannot be modelled.
In order to overcome these shortcomings we study the effect of the space-time varying electric field on the ion channel. Specifically, we consider the drift motion of the ions caused by the time variation of the electric field, namely the polarization drift.
However, the space variation of the electric field is included in the polarization drift. Indeed, it turns out that the contribution of this effect to the system of equations involves the space derivative of the electric field. In this respect, we may talk about a non-homogeneous polarization drift (note that a homogeneous time-varying field is sufficient for the standard polarization drift to occur). This drift induces a polarization current, which plays the role of the low frequency
